Laboratory-reared and wild adults of Endoclita excrescens (Butler) showed a mating flight at dusk. They began to fly soon after sunset and stopped flying at the beginning of darkness both in the cage and in the field (a forest in Chiyoda Town, Ibaraki Prefecture, Japan) during the period from 1 June to 20 October 1998. It is suggested that their flight activity is closely related to light intensity. Usually, the males began their flying about 4 min prior to the female flight. Mean flight period of the males per night was about 15 min in the cage and about 7 min in the field. For the females, it was about 10 min in the cage and 2 min in the field. The flight behavior of males was strikingly different from that of the females. The males flew swiftly and often showed a swinglike pendulum flight but the females did not. The males flew around a branch of a particular tree in a particular spot and sometimes formed a small group consisting of 2 to 4 individuals. Although no actual copulation was recorded, all other phases in the mating behavior were observed.
INTRODUCTION
Hepialidae belong to a primitive Lepidopteran group. Hepialid moths are called "ghost moths" or "swift moths" and are distributed widely throughout the world.
A dusk mating flight in which copulation occurs has been reported in Fraus simulans (Hardy, 1973) , Hepialus sylvinus (Blair, 1918) , H. humuli (Edwards, 1964; Reynolds, 1973; Turner, 1976; Mallet, 1984) , H. hecta (Turner, 1976) , Korscheltellus gracilis (Wagner and Rosovsky, 1991) , Oncopera fasciculata (Madge, 1954) , O. alboguttata (Barton Browne et al., 1969; van Gerwen et al., 1972) , O. rufobrunnea and O. tindalei (Barton Browne et al., 1969) . Keith (1916) also observed a dusk mating flight in H. argenteomaculatus but no actual copulation could be confirmed. The adults of O. fasciculata fly not only at dusk but also in the morning, but copulations were only observed during the dusk flight (Madge, 1954) . In addition, night mating flights in H. thule (Winn, 1909) and Oxycanus fuscomaculatus (Hardy, 1974) and an early afternoon mating flight in H. hyperboreus (McDunnough, 1911 ) have been reported. On the other hand, neither mating behavior nor copulation has been observed in H. auratus and H. mustelinus (Winn, 1909) , Aenetus virescens (Grehan, 1987) and Sthenopis auratus (McCabe and Wagner, 1989) during their dusk flight. However, the mating and flight behavior of many hepialid species still remains unclear, probably, because of technical difficulties in the field observations at lower light intensity.
The swift moth, Endoclita excrescens (Butler), is a common hepialid species in Japan. Larvae of this species are wood-borers and damage various trees. Wild adults emerge from late August to mid-October in Japan and fly at dusk. Although fragmentary reports on the flight and mating behavior of E. excrescens have been published (Matsuzawa et al., 1963; Takahashi, 1963) , little is known about their behavior. Observations were carried out in a cage and in a field observation area to know the dusk flight and mating behavior of E. excrescens.
MATERIALS AND METHODS
In-cage observations. The fertilized eggs of E. excrescens were obtained from a wild-caught female which had been copulated with a wild-caught male by using the hand-pairing method of Ueda (1981) . The female and the male were collected in Kukizaki Town (35°59ЈN; 140°7ЈE), Inashiki District, Ibaraki Prefecture in Japan on 10 September 1997. Laid eggs were collected and kept together for 90 d at the FFPRI (Forestry and Forest Products Research Institute) laboratory under constant conditions of 5°C and dark for diapause termination. Newly hatched larvae were reared in a large wirenet field cage (3ϫ5 m, 2.5 m in height) on the premises of FFPRI in Kukizaki Town under the semi-natural conditions and fed on an artificial diet of "INSECTA-LF (S) (Nihon-Nôsan Kôgyô, Inc., Japan)." After pupation, each pupa was sexed to obtain unmated moths. The adult eclosion occurred during 26 May to 15 October 1998 and the moths were kept in the cage until the beginning of observations.
Observations on the dusk flight and mating behavior of E. excrescens were made in a wire-net field cage (7.7ϫ9.6 m, 4.5 m in height) set in the nursery of FFPRI from 18:00 to 20:00 every day, except rainy days, during the research period from 1 June to 10 September 1998. Two boughs (4.2 m in length, each) of a willow, Salix sp., were set in a water-filled bucket placed in the center of the cage. About 2 h before sunset on the observation day, 2 to 6 pairs of 1 to 5-d-old virgin females and males were allowed to hang randomly on the willow twigs by their fore-and mid-legs in a resting position.
On the observation night, the period from the time at which the first male began to fly until the time at which the last male stopped flying was recorded as the flight period of the males each night. The flight period of the females was recorded in the same way as that of the males. Light intensities at the time of beginning and end of the dusk flight of the males were measured using a digital illuminometer, Digital Lux Meter (Model LX-1332, Custom Corporation, made in Japan). The light intensity at 1 m above the ground in the center of the cage was measured. For the females, the light intensities at the time of beginning of the dusk flight could not be recorded but those at the end of the dusk flight were measured in the same way as for the males. The flight and mating behavior was observed and recorded using an 8 mm video camera, Video Hi8 Samurai KX-LV2 (Kyocera, made in Japan) for further behavioral analyses.
Field observations. Field observations were made from 16:30 to 18:30 every day, except rainy days, during 15 September to 20 October 1998 in the forest of Chiyoda Town (36°9ЈN; 140°14ЈE), Niihari District, Ibaraki Prefecture in Japan. Wild E. excrescens adults are found in Chiyoda Town from mid-September to mid-October every year. Their flight and mating behavior was observed and recorded using the 8 mm video camera. The flight periods of both sexes were recorded in the same way as that in the cage observations. The light intensities could not be recorded.
RESULTS

In-cage observations Flight period, sunset time and light intensity
Observations on flight behavior of the laboratory-reared adults of E. excrescens in the cage were made on a total of 23 nights during the research period. (Observations were not made in August because of a marked decline in the adult eclosion.) The flight period of the males per night was recorded on 19 out of the 23 nights. The flight period and the sunset times in the cage are shown in Fig. 1a . The males began to fly 4 to 33 min after sunset (13.7Ϯ1.6 min; meanϮSE, N=19) and stopped flying 20 to 48 min after sunset (29.7Ϯ1.7 min; meanϮSE, N=19). Soon after the first male started to fly, the rest of the males also started to fly one after another but all of them stopped flying almost synchronously. This tendency was also confirmed in the female flight. Mean flight period of the males per night was 15.2Ϯ1.0 SE min (range 10-20 min; N=19). Mean light intensities at the beginning and end of the male flight were 26.1Ϯ6.7 SE lx (range 3.8-50.9 lx; N=7) and 0.6Ϯ0.3 SE lx (range 0.2-1.2 lx; N=3), respectively.
The flight period of the females per night was recorded on 18 out of the 23 nights. As shown in Fig. 1b , the females began to fly 10 to 23 min after sunset (17.1Ϯ1.1 min; meanϮSE, N=18) and stopped flying 15 to 48 min after sunset (28.2Ϯ2.1 min; meanϮSE, N=18). Mean flight period of the females per night was 10.3Ϯ1.5 SE min (range 1-25 min; N=18). The onset of the female flight lagged about 3 min behind that of the male flight ( Fig. 1a and b) . Mean light intensity at the end of the female flight was 1.9 lx (range 0.5-3.3 lx; N=2).
Flight behavior
After transfer to the cage, a male hanging from the willow twig by his fore-and mid-legs took a stationary posture with his wings folded over his body like a slanting roof. Soon after sunset, shivering of the wings occurred and a few seconds later the male took off. The male flew swiftly. In the beginning of the flight behavior, the male flew rapidly straight up and after quickly changing directions just under the cage top, he swiftly flew down to a particular projecting willow branch 2 to 4 m above the ground in the cage. After this initial short flight, the male often performed a very peculiar flight around the branch: the male showed a swinglike pendulum flight with an arc of 3 to 4 m and repeating it for a few minutes. Sometimes the male flew into the willow boughs weaving his way between the small branches. Shortly after the first individual began flight, the rest of the males followed. Sometimes several males (2 to 4 individuals) formed a small group around a willow branch projecting 2 to 4 m above the ground. The male group was observed in the particular spot each night. Furthermore, active chasing was also often observed among the flying males: when 2 flying males came in contact, they actively chased each other until one of them stopped or some females approached. However, the one male did not drive the other away.
The onset of female flight often lagged about 3 min behind that of the male flight as mentioned above. The flying behavior of the females was strikingly different from that of the males. Unlike the males, the females flew slowly and did not show the swinglike pendulum flight. In the beginning of the flight behavior, a female flew straight to the cage top and then flew down slowly toward the male(s). Sometimes the female(s) was observed to circle around or to hover near a single male or the male group. During the flight, the female kept her body axis perpendicular to the ground and flew slowly, almost horizontally at a height of 3 to 4 m from the ground.
Mating behavior
The mating behavior of the laboratory-reared adults of E. excrescens was observed in the field cage on a total of 23 nights during the dusk flight. No actual copulation was observed in the cage but all other phases in the mating behavior of E. excrescens were observed. In the beginning of the mating behavior, a female flew to a single male or a male group in flight from some distance. The female approached and then hovered near the single male or one of the males of the group. The male approached the hovering female and then they touched each other repeatedly. After that, the female flew toward the cage top and settled hanging by fore-and mid-legs from a wire of the wire-net field cage. The male followed the female, clinging to her with his fore-and mid-legs and bent his abdomen apparently to copulate with her. Soon the pair fell into the grass of the cage bottom. On 4 July and 5 September, a single falling pair was observed. These fallen pairs were motionless and could not be found in the darkness. Therefore, the achievement of copulation was not confirmed.
Field observations Flight period and sunset time
The wild males of E. excrescens were observed on a total of 8 nights in the field, Chiyoda Town, during the research period. A wild male was first observed on 19 September. As shown in Fig. 2a , the males began to fly 2 to 15 min after sunset (9.9Ϯ1.6 min; meanϮSE, N=8) and stopped flying 8 to 23 min after sunset (16.4Ϯ2.1 min; meanϮSE, N=8). Mean flight period of the males per night was 6.5Ϯ1.3 SE min (range 3-12 min; N=8). On the other hand, only a single wild female was found on 7 October. The female began to fly 6 min after sunset and stopped flying 8 min after sunset. The female flight period on that night was only 2 min (Fig. 2b) . The onset of the female flight lagged about 4 min behind that of the male flight ( Fig. 2a  and b) .
Flight behavior
The flight behavior of the wild males of E. excrescens observed in the field was essentially the same as that of the laboratory-reared males observed in the cage. A total of 1 to 3 wild males were observed in the field per night during the research period. When there were 3 males in the observation area, they flew separately in 2 to 3 different spots. After the initial short flight, the male(s) flew around the branch of a particular tree, 2 to 6 m above the ground in a particular spot each night and they often showed swinglike pendulum flight with an arc of 4 to 6 m. The particular spot was located in some open areas of the forest. Shortly after the beginning of the flight of the first male, the second male flew toward the first one, and then these 2 males chased each other in the same spot. The males often twisted and turned as they chased each other. A few minutes later, even in the absence of the wild females, the 2 males stopped chasing and one of them remained in the spot to continue to fly and the other left. Soon the latter flew into the bush, settled and never flew again on that night. The flight behavior of the wild female was essentially the same as that of the laboratory-reared females observed in the cage.
Mating behavior
On 7 October, the mating behavior of E. excrescens took place in the field during the dusk flight. No actual copulation was observed but all other phases in the mating behavior of E. excrescens were observed although only in a single wild pair. The mating behavior of the wild pair of E. excrescens was essentially the same as that of the laboratory-reared adults observed in the cage. However, the wild pair which tried to copulate by hanging from a twig about 6 m above the ground fell in the herbage. The fallen pair could not be found in the darkness, so mating was not confirmed.
DISCUSSION
This is the first detailed report on the flight and mating behavior of E. excrescens. Present results from the observations in the cage were essentially the same as those in the field. These results show that the adults of E. excrescens fly at dusk and that their mating behavior occur during the dusk flight as reported in many other hepialids as mentioned above. Although no actual copulation was recorded in this study, all other phases in the mating behavior of E. excrescens were observed in detail. From these results, it appears the dusk flight of E. excrescens is the mating flight.
Male and female adults of E. excrescens began to fly soon after sunset and stopped flying at the beginning of darkness ( Figs. 1 and 2 ). The flight of the laboratory-reared males of E. excrescens began at a mean light intensity of 26.1 lx (N=7) and ended at a mean light intensity of 0.6 lx (N=3). Almost the same tendency was confirmed in the laboratory-reared females, although the light intensity at the beginning of the flight could not be recorded. is similar to many dusk-flying hepialids: O. fasciculata (Madge, 1954), O. rufobrunnea and O. tindalei (Barton Browne et al., 1969) , O. alboguttata (Barton Browne et al., 1969; van Gerwen et al., 1972) , H. humuli (Mallet, 1984) and S. auratus (McCabe and Wagner, 1989) . Another factor in the initiation of flight has also been reported by Hardy (1974) . He found a dependence on a fall of rain to initiate the night flights of O. fuscomaculatus.
As shown in Figs. 1 and 2 , mean flight period of the males per night was about 5 min longer than that of the females both in the cage and in the field. This depends on the earlier initiation of the male flight and the almost simultaneous termination of the flight of both sexes (Figs. 1 and 2) . The flight period of E. excrescens changed slightly every night during the observation period ( Figs. 1 and 2) . Probably, this depends on the weather conditions of that day, e.g. the flight on clear nights lasted longer than on cloudy nights (Kan, unpublished observation). However, other meteorological factors, such as (maximum and/or minimum) temperature(s), wind conditions and relative humidity may also need to be considered. Further study is necessary.
The present results also show a difference in the flight behavior patterns between males and females of E. excrescens as reported in other hepialids, O. fasciculata (Madge, 1954), O. alboguttata, O. rufobrunnea and O. tindalei (Barton Browne et al., 1969) , O. fuscomaculatus (Hardy, 1974) , H. humuli (Mallet, 1984) and A. virescens (Grehan, 1987) . Males of E. excrescens flew swiftly and frequently with a swinglike pendulum flight. On the other hand, females of this species flew slowly and steadily with their abdomens held in a nearly vertical position.
Males form "leks" or "swarms" in H. thule (Winn, 1909) , H. humuli (Winn, 1909; Reynolds, 1973; Turner, 1976; Mallet, 1984) , H. lupulinus (Edwards, 1964) , H. hecta (Turner, 1976) , O. fasciculata (Madge, 1954) and O. fuscomaculatus (Hardy, 1974) . It has been considered by some Japanese entomologists, e.g. Matsuzawa et al. (1963) , that swift moths (Family Hepialidae) including E. excrescens form "swarming" groups of several dozen males. However, this was not confirmed in the present study.
